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Abstract
Best practice exemplars suggest that digital platforms play a critical role in managing supply chain activities and partnerships that generate performance gains for firms. However, there is limited academic investigation on how and why information technology can create performance gains for firms in a supply chain management (SCM) context. Grant's (1996) theoretical notion of higher-order capabilities and a hierarchy of capabilities has been used in recent information systems research by Barua et al. (2004) , Sambamurthy et al. (2003) , and Mithas et al. (2004) to reframe the conversation from the direct performance impacts of IT resources and investments to how and why IT shapes higher-order process capabilities that create performance gains for firms. We draw on the emerging IT-enabled organizational capabilities perspective to suggest that firms that develop IT infrastructure integration for SCM and leverage it to create a higher-order supply chain integration capability generate significant and sustainable performance gains. A research model is developed to investigate the hierarchy of IT-related capabilities and their impact on firm performance. Data were collected from 110 supply chain and logistics managers in manufacturing and retail organizations. Our results suggest that integrated IT infrastructures enable firms to develop the higher-order capability of supply chain process integration. This capability enables firms to unbundle information flows from physical flows, and to share information with their supply chain partners to create information-based approaches for superior demand planning, for the staging and movement of physical products, and for streamlining voluminous and complex financial work processes. Furthermore, IT-enabled supply chain integration capability results in significant and sustained firm performance gains, especially in operational excellence and revenue growth. Managerial initiatives should be directed at developing an integrated IT
Introduction
Capabilities of core interorganizational processes, such as customer relationship management, supply chain management, and contract manufacturing, are suggested as critical to firm performance (Hagel and Singer 1999; Rayport and Sviokla 1995; Sambamurthy et al. 2003) . Their digitization across the extended enterprise is being enabled by Web technologies, workflow tools, portals for customers, suppliers, and employees, and information technology innovations targeted at supply chains and customer relationships. Firms are investing in these technologies and related partnerships to develop their extended enterprise capabilities.
Supply chain management (SCM) is a digitally enabled interfirm process capability that has been receiving significant attention. Practitioner forums such as the Supply Chain Management Council have been established and special issues of Decision Sciences and Journal of Operations Management have been recently published on the topic. However, in spite of the key role of IT in the SCM phenomenon, thus far limited scholarly investigation has been undertaken by the Information Systems community. Our objective is to present a theoretical viewpoint, supported by empirical evidence, on how IT enables supply chain integration capability to yield performance gains for firms.
Supply chain strategies focus on improvement and innovation of end-to-end processes between firms and their customers and suppliers (Lee 2000; Tyndall et al. 1998) . Case studies document problems caused by supply chain fragmentation across different industries and best practice reports profile the potential of IT to address them (Enslow 2000; Rai and Sambamurthy 2002; Simchi-Levi et al. 2000) . These descriptions suggest that supply chain integration (1) requires partners to share information and develop globally optimal plans (Ho et al. 2002; Simchi-Levi et al. 2000) , (2) optimizes the staging and flow of materials by leveraging the visibility of resources (Lee 2000) , and (3) streamlines financial operations such as billing and payments that are interdependent on other activities such as ordering and delivery (Mabert and Venkatraman 1998) . In summary, supply chain integration encompasses the integration of information flows, physical flows, and financial flows between a firm and its supply chain partners.
Supply chain integration can be hampered by fragmented IT infrastructures that constrain information flows and activity coordination (Barua et al. 2004; Sambamurthy et al. 2003) . In contrast, integrated IT infrastructures that are characterized by common data standards and integrated applications enable flows of information and coordination of activities across functional units, geographic regions, and value network partners (Broadbent et al. 1999) . As illustrated below, such integrated IT infrastructures for SCM are being exploited by best-practice firms for superior performance.
1. United Parcel Service, one of the world's largest logistics service providers, has redefined its services from physical movement of packages to solutions for "synchronized commerce." Their IT architectures enable data integrity and connectivity with customers' applications, providing real-time visibility of inventory that is stored or in-transit. This visibility can be leveraged by customers to improve inventory management, asset efficiencies, and market responsiveness. 2 2. Cisco Systems has created a digital platform for the near real-time transmission of information between customers, contract manufacturers, and logistics providers. This enables responsive collaborative planning and efficient coordination of resources across its global supply chain (Enslow 2000; Sabath and Frentzel 1997) .
3. By leveraging IT to manage its supply chain, Dell Computers has achieved dramatic results in performance (Magretta 1998 ). Dell's Web-enabled supply chain enables it to maintain only four days of inventory and to achieve negative cash conversion cycles with respect to its financial flows (Fields 2003). 3 Despite the critical role of IT in SCM, theoretical and empirical research pertaining to digitally enabled supply chain integration phenomenon has been limited and piecemeal (Sahin and Powell 2002) . We draw on concepts from the interrelated literature streams of organizational and IT-2 Personal conversation with Laurie Johnson, Chief Information Officer, UPS Supply Chain Solutions, Atlanta, Georgia.
3 It is important to recognize that Dell has undertaken several non-IT related initiatives, such as colocation of supplier warehouses, pricing, and incentive schemes, to shape its supply chain integration capabilities. enabled capabilities, IT infrastructure, and supply chain operations to develop key constructs and relationships associated with IT-enabled supply chain integration. Specifically, we focus on the constructs of IT infrastructure integration for SCM, supply chain integration capability, sustained firm performance, and the relationships among them. We test our model by developing and validating measures for the constructs and examine the empirical validity of posited relationships. Specifically, we address the following questions:
1. What key properties define supply chain process integration capability between a focal firm and its supply chain partners?
2. How does IT infrastructure integration for SCM impact supply chain process integration capability?
3. What are the performance consequences of IT-enabled supply chain integration capability for a focal firm?
In the next section, we present the research framework used for the study. We then specify constructs and relationships associated with our research model. Subsequently, we describe the empirical study, including instrument development, data collection, measurement validation, and results. We then interpret our findings and offer some concluding comments in the final section.
The Research Framework
Traditionally, SCM issues have been investigated by operations management researchers with a focus on functional problems, such as facilities location and transportation (Geoffrion and Powers 1995) , inventory management (Cohen and Lee 1998; Mabert and Venkatraman 1998) , materials management, purchasing, and distribution (Scott and Westbrook 1991; Turner 1993) . Similarly, IT impacts in the context of SCM have been mostly investigated with a focus on specific technologies and innovations, such as EDI (Srinivasan and Kekre 1994) , cellular manufacturing (Black 1991) , and vendor-managed inventory (Ellinger et al. 1999) . Recent recommendations encourage researchers to focus investigations on the interorganizational capabilities that integrate a firm with its network of suppliers and customers to create value for firms (Ho et al. 2002; Narsimhan and Jayram 1998) .
Extending on the resource-based view of the firm (Barney 1991) , higher-order organizational capabilities are suggested as a source of firm performance in the strategic management literature (Grant 1996; Teece et al. 1997 ) and, more recently, in the IS literature (Barua et al. 2004; Mithas et al. 2004; Sambamurthy et al. 2003) . According to this perspective, a firm must develop capabilities to acquire, integrate, reconfigure, and release resources that are embedded in their social, structural, and cultural context. Developing these capabilities is a long-term process that requires firms to make a series of linked strategic decisions and moves related to IT resources so as to blend them with organizational processes and knowledge resources (Barua et al. 2004) .
Viewed from the perspective of organizational capabilities and resource-based theory, commonly available IT resources cannot by themselves create sustained performance gains for a firm (Floyd and Wooldridge 1990; Powell and Dent-Micallef 1997; Zahra and Covin 1993) . Accordingly, conceptual distinctions have been made between IT components broadly available in the marketplace, integrated IT platforms that require significant time and expertise for development (Weill and Broadbent 1998) , and IT-enabled processes that deeply embed capabilities of IT platforms into organizational processes (Bharadwaj 2000) .
A well-integrated IT platform is much more than individual physical components. It requires standards for the integration of data, applications, and processes to be negotiated and implemented in order for real-time connectivity between distributed applications to be achieved (Ross 2003; Weill and Broadbent 1998) . From our perspective, an integrated IT infrastructure enables consistent and real-time transfer of information between SCM-related applications and functions that are distributed across partners.
Such integrated IT infrastructures for SCM can be blended with interorganizational processes to develop higher-order capabilities for demand sensing, operations and workflow coordination, and global optimization of resources. These capabilities require firms to unbundle the three complementary flows of materials (Stevens 1990) , information , and finances (Mabert and Venkatraman 1998) , and integrate each of them with supply chain partners. Accordingly, we consider information, physical, and financial flows in our framing of a focal firm's supply chain integration capability.
Based on our discussion, we present the framework for our study in Figure 1 . IT infrastructure integration for SCM represents a lower-order capability that can be leveraged to develop a higher-order process capability (i.e., supply chain process integration), which is a source of significant and sustained performance gains for a firm. Given that we are sug- 
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Construct* Definition
IT Infrastructure Integration for SCM:
The degree to which a focal firm has established information systems for the consistent and high-velocity transfer of supply chain-related information within and across its boundaries.
Data Consistency
The degree to which common data definitions and consistency in stored data have been established across a focal firm's supply chain.
Cross-Functional SCM Application Systems Integration
The degree of real-time communication of a focal firm's function-specific supply chain management applications with each other and related ERP and CRM applications.
Supply Chain Process Integration Capability:
The degree to which a focal firm has integrated its physical, financial, and information flows with its supply chain partners.
Physical Flow Integration
The degree to which a focal firm uses global optimization with its supply chain partners to manage the stocking and flow of materials and finished goods.
Information Flow Integration
The extent of operational, tactical,and strategic information sharing that occurs between a focal firm and its supply chain partners.
Financial Flow Integration
The degree to which financial flows between a focal firm and its supply chain partners is driven by workflow events.
Firm Performance:
The degree to which a focal firm has superior performance relative to its competition.
Operations Excellence
The degree to which a focal firm is better than its competitors in its responsiveness and generation of productivity improvements.
Customer Relationship
The degree to which the focal firm's relationship with customers and information about their preferences is better than its competitors.
Revenue Growth
The degree to which the focal firm's increase in revenue from current and new products and markets is more than its competitors.
*Both second-order constructs and their sub-constructs are defined in this table. The italicized definitions are associated with second-order constructs.
gesting a hierarchy of capabilities for firm performance, a direct effect between IT infrastructure integration for SCM and firm performance is not specified. Figure 2 schematically represents the research model and Table 1 summarizes the definitions of latent constructs and sub-constructs. The measurement items used for each construct are included in Appendix A.
The Research Model
Firm Performance
We are concerned with a firm's aggregate performance relative to its competition. Operations excellence, revenue growth, and customer relationships, recognized as important dimensions of firm performance (Slywotzky et al. 2000) , are three aspects of performance that we consider. Operations excellence is defined as a focal firm's responsiveness to customers and improvements in productivity relative to its competition. It has been noted that firms must balance operations costs and service level performance in terms of lead times to meet customer needs (Fisher 1997; Simchi-Levi et al. 2000) . In addition, firms need to achieve marketfocused performance (Malhotra et al. 2005 ) that encompasses customer relationships (Groves and Valsamakis 1998) and revenue growth (Kalwani and Naravandas 1995; Moorman 1995) . Customer relationships focus on the bond and loyalty between a focal firm and its customers, and the focal firm's intimate knowledge about customer-related preferences. Growth in revenues includes sales from existing products and from new products and markets (Zahra and George 2002) .
There is some evidence that supply chain integration impacts the three dimensions of performance considered here. For instance, it has been suggested that integration of supply chains can enhance a firm's time-based competitiveness by compressing cycle times (Hult et al. 2004) . Integrated supply chains provide operational visibility, coordination of plans, and streamlined flow of goods that compress the time interval between a customer's request for a product or service and its delivery (Hult et al. 2004; Tyndall et al. 1998 ). This capability is also suggested to positively impact top-and bottomline financial performance Simchi-Levi et al. 2000) , improve customer relationships, and promote market growth (Goldhar and Lei 1991; Tyndall et al. 1998) . We examine whether aggregate performance of a firm, as assessed by operations excellence, revenue growth, and customer relationships, is influenced by supply chain process integration.
Supply Chain Process Integration Capability and its Impacts on Firm Performance
The literature identifies important flows across the supply chain to include materials (Stevens 1990 ), information , and finances (Mabert and Venkatraman 1998) . Accordingly, supply chain process integration is defined as the degree to which a focal firm has integrated the flow of information, materials, and finances with its supply chain partners. Although knowledge flows are discussed in the literature (Carlile 2002) , they are sometimes overlapped in their definition to include information flows, and we do not consider them as a distinct flow in our investigation. Accordingly, supply chain process integration is conceptualized as a formative construct with three sub-constructs: information flow integration, physical flow integration, and financial flow integration.
Information Flow Integration
Information flow integration is defined as the extent to which operational, tactical, and strategic information are shared between a focal firm and its supply chain partners. Specifically, we consider the sharing of demand-related information, inventory and sales positions, production and delivery schedules, and performance metrics as indicators of information flow integration. Seidmann and Sundarajan (1997) note that operational information sharing can leverage the economies of scale and expertise across organizations. Inventory holding information, when shared, can reduce total inventory in the supply chain . Similarly, production and delivery schedules can be shared to enhance operational efficiencies through improved coordination of allocated resources, activities, and roles across the supply chain . Tactical information sharing can encompass performance metrics associated with execution of tasks and their outcomes. Finally, strategic information sharing occurs when the information possessed by a firm generates little value by itself, but creates strategic value when shared (Seidmann and Sundarajan 1997) . For instance, sharing of sales information by buyers with sellers creates value through improved demand planning, forecasting, and replenishment. It has been shown that lack of sharing of actual sales information substantially distorts the demand signal as it travels upstream across the supply chain. The phenomenon of upstream amplification of error in the demand signal is called the bullwhip effect 4 ) and causes problems such as excessive or inadequate inventory, poor production and capacity planning, cash flow utilization, and customer service.
Information sharing allows retailers, manufacturers, and suppliers to improve forecasts, synchronize production and delivery, coordinate inventory-related decisions, and develop a shared understanding of performance bottlenecks (Lee and Whang 1998; Simchi-Levi et al. 2000) . By substituting information for inventory holdings (Milgrom and Roberts 1988) , information flow integration can improve operational performance by reducing inventory costs, enhancing capital and cash flow utilization, and improving cycle times. By improving the precision of demand estimation through collaborative forecasting, and facilitating supply and demand alignment, information sharing can strengthen bonds with customers and generate increased revenues from existing products and new products and markets (Anderson et al. 1994; Mohr and Nevin 1990) .
Physical Flow Integration
Physical flow integration is defined as the degree to which a focal firm uses global optimization with its supply chain partners to manage the stocking and flow of materials and finished goods. Downstream flows consist of raw materials, subassemblies, and finished goods, while upstream flows consist of products that are returned or need to be repaired. Specific initiatives that have been suggested to improve global optimization of physical flows include just-in-time delivery (Lowson et al. 1999) , automatic replenishment, 4 Managerial practices, such as price fluctuations and forward buying, that promote the bullwhip effect are discussed in Lee and Whang (1998) . We focus our attention here on information flow integration and its ability to counter the bullwhip effect.
vendor managed inventory programs Ellinger et al. 1999) , and contracting with logistics providers for inventory management services (Richardson 1999; Van Hoek 2000) . In addition, distribution networks can be reconfigured to optimally stage inventory across the supply chain (Arntzen et al. 1995; Vidal and Goetschalckx 2000) . We identify multi-echelon optimization of costs, just-in-time deliveries, joint management of inventory with suppliers and logistics partners, and distribution network configuration for optimal staging of inventory as indicators of physical flow integration.
Physical flow integration can improve productivity by reducing costs of production, transportation, warehousing, and logistics (Goldhar and Lei 1991) . It can enable firms to cut lot sizes, increase order frequency, cut buffer inventory (Kaeli 1990; Lee and Billington 1992) , reduce purchasing costs, improve material handling, and invest in reliable suppliers (Schneidrjans 1993) . Other operational performance benefits include fewer stock outs, more efficient stocking, less need for safety stock, and improved selling space productivity (Ellinger et al. 1999) . By increasing responsiveness to customer demand through strategies such as postponement of differentiation (Feitzinger and Lee 1997) , physical flow integration can improve customer relationships and customer service (Ellinger et al. 1999; Gustin et al. 1995) . Finally, such integration is expected to improve long-term competitiveness and growth (Goldhar and Lei 1991) .
Financial Flow Integration
Financial flow integration is defined as the degree to which exchange of financial resources between a focal firm and its supply chain partners is driven by workflow events. Financial processes were among the earliest business processes that were reengineered to reduce delays, improve productivity, and eliminate redundant tasks (Hammer 1990 ). Yet, organizations often do not have a consistent view of their financial flows with their upstream and downstream partners (McCormack and Johnson 2003) . Important downstream flows to be managed include prices, invoices, and credit terms, and essential upstream flows to be coordinated include payments and account payables.
Financial flow integration can enable better working capital and cash flow management through event-based triggering of payables and receivables; for instance, electronic payment can be triggered upon delivery of goods. Event-based financial workflows can reduce costs associated with billing, payment processing, and dispute handling, and can shorten the invoicing and receivables cycle time, accelerate payments, and improve the availability of financial information for decision-making (Greenfield et al. 2001) . Reduced delays, accelerated payments, and collection of customer preferences with billing and invoicing transactions can result in improved customer relationships. Finally, financial flow integration can impact revenue growth by improving cash flow availability for production ramp-up when demand swings upward, or for exploration of new product lines.
IT Infrastructure Integration for SCM
We define IT infrastructure integration as the degree to which a focal firm has established IT capabilities for the consistent and high-velocity transfer of supply chain-related information within and across its boundaries. IT infrastructure integration is conceptualized as a formative construct with two subconstructs: data consistency and cross-functional SCM application systems integration.
Data Consistency
Data consistency is defined as the degree to which common data definitions and consistency in stored data have been established across a focal firm's supply chain. There are significant data consistency problems in large distributed database or intermittently connected distributed systems, such as mobile computing environments (Pitoura and Bhargava 1999) . Even greater problems occur in disparate and fragmented systems spread across organizational boundaries, such as supply chains. Data consistency in supply chains will be enabled by common data definitions for key entities, such as customer and product, as well as automated systems for accurate data capture. This consistency should enable process integration (Huber 1990; Malone et al. 1987) , including the integration of information, financial, and physical flows.
Cross-Functional SCM Application Systems Integration
Cross-functional SCM application systems integration is defined as the degree of real-time communication of a focal firm's function-specific SCM applications with each other and related ERP and CRM applications. Such connectivity enables the management of cross-functional process dependencies in a supply chain (Rai, Bush, and Tiwana 2002; Rai, Ruppel, and Lewis 2002) . Note that application integration is concerned with a firm's ability to interface functionspecific supply chain applications with each other in realtime, while the information flow integration construct described earlier is concerned with the content of operational, tactical, and strategic information actually shared among partners.
We consider integration of applications for supply chain planning and execution, and their integration with ERP and CRM systems; together they characterize the applications infrastructure for end-to-end management of supply chains (Kalakota and Robinson 1999) . Planning applications are designed to support planning for critical functions such as procurement, production, transportation, and warehousing. Execution applications are designed to support execution of order management, replenishment, production, and distribution. Integrated planning applications provide a capability to generate cross-functional information about the supply chain and develop globally optimal plans (Kalakota and Robinson 1999) . Similarly, integrated execution applications provide the capability to generate supply chain-wide visibility of processes and coordinate global execution. Finally, integrated supply chain, ERP, and CRM applications should facilitate the coordination of supplier-and customer-facing processes with internal firm processes. Fisher (1997) makes a distinction between functional and innovative products. While functional products have long product lifecycles and low forecasting errors, innovative products have short product lifecycles and high forecasting errors. In addition, profit margins for innovative products are significantly higher than those for functional products. Since firm performance can be influenced by demand predictability at the end-consumer level based on the type of products in question, we specify consumer demand predictability as a control variable. In addition, since larger firms may be in a better position to achieve performance gains due to their ability to garner scale efficiencies (Hitt et al. 2002) , we specify firm size as a control variable.
Control Variables
The Empirical Study
Instrument Development
Data were collected using a carefully developed self-report survey instrument based on guidelines and exemplars in the literature, for example, Straub (1989) and Sethi and King (1991) . We systematically developed and validated measures for the supply chain process integration and IT infrastructure integration constructs that are being introduced in this study.
Past literature was reviewed to specify a set of items that ensured content and face validity and to achieve minimal overlap between constructs (Cronbach 1971; Kerlinger 1986 ). Items associated with these constructs used a seven-item Likert type scale where respondents were asked to state their agreement with a given statement on a scale that ranged from "strongly agree" to "strongly disagree" with its midpoint anchored as "neither agree nor disagree." Respondents were asked to select the organization's primary product(s) or product line(s) while responding to the questions on these constructs. Primary product(s) or product line(s) were defined as those that command a significant proportion of company revenues, usually 15 to 20 percent, or greater.
Subjective measures were used for operational excellence, revenue growth, and customer relationships. The approach has been widely used in organizational research, as senior managers have reasonable information and perspective about organizational performance (Dess 1987; Lawrence and Lorsch 1967; Powell 1992) . Subjective measures are also often preferred as differences in accounting conventions and practices can confound the comparison of financial measures (Powell and Dent-Micallef 1997) . Further, some performance measures, such as timeliness and customer relationships, do not have equivalent accounting-based performance measures. A semantic comparison scale was used for subjective organizational performance where respondents were asked to rate the performance of their organization in comparison to their competitors as "much better than average," "better than average," "same as competitors-average," "slightly less than average" or "much less than average." However, in order to examine the validity of the subjective measures of performance and guard against the risk of common-method bias, objective accounting-based measures of performance were collected from public sources for a subset of firms in our sample. 5
Firm size and consumer demand predictability were specified as control variables. Total number of full-time equivalent employees was used as a measure of firm size and consumer demand predictability was measured using a two-item scale that assessed length of product lifecycle and forecast error for products (Fisher 1997) .
Given that several measures are being developed for the first time, great care was taken to assess content validity. The items were first independently evaluated by each researcher and then in their joint meetings until there was unanimous 5 Our sample included private organizations and subsidiaries of public organizations for which accounting-based measures of performance were unavailable from public sources. agreement on content validity. Two well-established IS scholars with experience in survey research and expertise in the subject domain subsequently evaluated the instrument. After incorporating suggested changes, the first phase of the pilot test was conducted with nine faculty members who are actively researching the strategic use of IT with a focus on interorganizational capabilities. In addition to requesting comments on items and instructions, they were asked to respond to semi-structured questions on each measure's content validity. Based on their feedback, the instrument was modified and then tested using a similar approach with 10 supply chain and logistics managers in the greater Philadelphia region. Telephone and e-mail discussions were conducted with these managers to obtain clarifications and ensure that adjustments made addressed their expressed concerns.
Data Collection
A mailing list of supply chain and logistics managers was compiled from the list of attendees of the annual conference of the Council of Logistics Management (CLM). Target respondents for the survey were considered to be senior or middle managers with direct responsibility for SCM or logistics function in the organization. Published attendee information included name, title, affiliation, and contact information; most attendees included an e-mail address in the contact information. Approximately 1,800 names were randomly selected from the list. All organizations that did not belong to manufacturing or retail industries (the first two digits of SIC codes 20 to 39 and 52 to 59) were removed from our sample. Since some of the conference participants were from the same organization, we examined listed professional titles to determine the most suitable target respondent. The final list consisted of 432 manufacturing and retail organizations.
The survey was first mailed out and then subsequently made available on a website; the address of the website was made available only to people on the mailing list. After the first conventional mailing, we sent e-mail reminders, providing respondents the option of receiving another copy of the survey by regular mail or completing the survey online. Our e-mail reminder provided an incentive of a $10.00 Amazon.com gift certificate for each completed survey. After accounting for returned and undelivered mail and incorrect email addresses, 360 surveys were effectively mailed out. We received a total of 110 combined responses via return mail, Web, and e-mail. The effective response rate was 30.55 percent, which is considered acceptable for survey research.
We tested for nonresponse bias using analysis of variance techniques. Considering the last group of respondents as most likely to be similar to nonrespondents, a comparison of the first and last quartile of respondents provides a test of response bias in the sample (Armstrong and Overton 1977) . The first and last 25 percent of respondents were compared on key study variables and firm revenue, which was used as a second proxy for firm size in addition to number of full-time employees. The tests did not indicate any response bias across these variables. Similar comparisons were made across participants who responded by regular mail and those who completed the survey online. The analysis indicated that the two groups were statistically similar on all demographic and study variables.
The median firm size was 4,000 employees and the median firm revenue was $1.5 billion. The median firm realized less than 20 percent of its total revenue from online sales of products. Of the respondents, 45 percent were from the logistics function, 17 percent each were from the supply chain and distribution functions, 12 percent had responsibility for IT pertaining to the supply chain, 6 percent specified that their direct responsibility focused on e-commerce and digitization to support the supply chain, and 3 percent belonged to the purchasing function. Thus, our respondents hold positions that are well aligned with the subject matter of this investigation and are likely to be well informed of related initiatives within their firms.
Measurement Validation
Partial least squares (PLS) 6 was used for the data analysis. This analytical approach is generally recommended for predictive research models where the emphasis is on theory development, whereas LISREL is recommended for confirmatory analysis and requires a more stringent adherence to distributional assumptions (Jöreskog and Wold 1982) . Given that there have been very few empirical studies in this research context and little prior theory, our focus is on theory development. In addition, the ability of PLS to model formative as well as reflective constructs makes it suitable for our purposes. Jarvis et al. (2003) note that the decision to model a construct as formative or reflective should be based on four major criteria: (1) direction of causality from construct to indicators, (2) interchangeability of indicators, (3) covariation among indicators, and (4) nomological net of construct indi- For the three second-order constructs and each of their subconstructs in our research model, these decision rules suggest to us that the constructs should be modeled as formative. Table 2 summarizes the constructs and sub-constructs and the number of indicators associated with each sub-construct.
The first stage of data analysis focused on measurement properties of constructs. We assessed convergent and discriminant validity by factor analyzing items grouped under a second-order construct (i.e., IT infrastructure integration for SCM, supply chain process integration, and firm performance). The expected factor structure was obtained in all three cases (see Appendix A). We also examined the itemtotal correlations for these constructs (see Appendix B). The correlation pattern indicates that an item posited to form a given sub-construct has a stronger correlation with it than another construct providing further evidence of discriminant and convergent validity.
Another suggested criterion for discriminant validity is that the variance shared by a construct with its indicators should be greater than the variance shared with other constructs in the model. Fornell and Larcker (1981) note that average variance extracted can be used to assess the variance shared between the construct and its measurement items. Table 3 provides the results of this analysis. A construct is considered to be distinct from other constructs if the square root of the average variance extracted for it is greater than its correlations with other latent constructs (Barclay et al. 1995) , which is observed to be the case.
To further investigate the pattern of association among formative indicators, internal consistency of sub-constructs was assessed using Cronbach's alpha and Fornell and Larcker's measure of composite reliability. Based on Nunnally's (1978) guidelines, a score of 0.70 or above is an acceptable value of internal consistency for exploratory research. While the constructs meet tests of internal consistency and convergent validity in our empirical context, it should be emphasized that these are not necessary requirements for formative constructs (Jarvis et al. 2003) .
The collective evidence suggests that the constructs demonstrate good measurement properties.
Subsequently, we created linear composites from the items used to measure each sub-construct and used them as formative indicators for the latent constructs specified in the structural model. Factor scores or multivariate means can be used to compute linear composite scores. The multivariate mean is based on the summated mean values of items and offers the advantages of being replicable across samples. It is the recommended approach when new measures are developed and transferability is desired (Hair et al. 1995) . Rozeboom (1979) also notes that linear composite scores based on different weighting schemes are highly correlated when the items are internally consistent, which is true in our case. Thus, while internal consistency is not a requirement for formative constructs, linear composite scores, which were computed using different estimation methods for indicator weights, were found to be highly correlated for each subconstruct. Consequently, the use of these different linear composite scores did not change the observed pattern of relationships reported below. 
Results
Each second-order latent construct is modeled as a formative construct consisting of its sub-constructs as indicators. As the interpretation of the weights is similar to the beta coefficients in a standard regression model, it is usual to have lower absolute weights as compared to loadings. The PLS method does not directly provide significance tests and confidence interval estimates of path coefficients in the research model. In order to estimate the significance of path coefficients, a bootstrapping technique was used. Bootstrap analysis was done with 500 subsamples and path coefficients were reestimated using each of these samples. The vector of parameter estimates was used to compute parameter means, standard errors, significance of path coefficients, indicator loadings, and indicator weights. This approach is consistent with recommended practices for estimating significance of path coefficients and indicator loadings (Löhmoeller 1984) and has been used in prior IS studies (Chin and Gopal 1995; Compeau and Higgins 1995; Howell and Higgins 1990; Ravichandran and Rai 2000) .
Results of the analysis for the structural model are presented in Figure 3 . No minimum threshold values for indicator weights have been established. The statistical significance of weights can be used to determine the relative importance of indicators in forming a latent construct. We found that all specified paths between constructs in our research model had significant path coefficients. In terms of the indicators, customer relationships and financial flow integration did not have significant formative weights for the firm performance and supply chain process integration constructs respectively. Finally, the two specified control variables were not found to be significantly associated with firm performance.
The results provide support for the research model. One indicator of the predictive power of path models is to examine the explained variance or R 2 values (Barclay et al. 1995; Chin and Gopal 1995) . R 2 values are interpreted in the same manner as those obtained from multiple regression analysis. They indicate the amount of variance in the construct that is explained by the path model (Barclay et al. 1995 
Figure 3. Results of Path Analysis
in firm performance. Similarly, 33.6 percent of the variance in supply chain process integration was explained by IT infrastructure integration. The path coefficient from IT infrastructure integration to supply chain process integration was .58 and from supply chain process integration to firm performance was .44. The magnitude and significance of these path coefficients provides additional evidence in support of the research model.
Since our model proposes that supply chain process integration mediates the impact of SCM-related IT infrastructure integration on firm performance, we tested the mediation effect in two ways. First we compared the research model that proposes full mediation against a competing model that proposed both direct and mediated effects (i.e., a partially mediated model of SCM-related IT infrastructure integration and firm performance). Since the models are nested, they can be compared statistically using PLS results (Chin et al. 2003; Subramani 2004) . The partially mediated model has one more path (from IT infrastructure integration to firm performance) than the fully mediated research model. The R 2 for firm performance in the partially mediated model was .197 as compared to .186 in the fully mediated research model. The effect of the extra path in the partially mediated model is assessed using a procedure similar to the one used to test competing models in stepwise linear regression. Accordingly, the f 2 statistic, which is based on the difference in R 2 between the two models, was first computed and then used to compute the pseudo F statistic. 7 Based on the results of the two competing models for our sample, f 2 was .0136 and pseudo F (1,106) statistic was 1.441, which was insignificant. The analysis suggests that the additional variance explained by introducing the direct path from IT infrastructure integration to firm performance does not significantly add to the variance explained in the dependent variable.
In addition to comparing partial mediation with full mediation, we used mediation analysis techniques (Hoyle and Kenny 1999; Subramani 2004) to assess the significance of the mediation effect of supply chain process integration on the relationship between IT infrastructure integration and firm performance. The analysis is based on the path coefficients and the standard errors of the direct paths between IT infrastructure integration (independent variable, designated iv), supply chain process integration (mediating variable, 7 The formula for computing f 2 is (R 2 partial mediation -R 2 full mediation)/(1-R 2 partial mediation). The pseudo F statistic is computed using the formula f 2 * (n-k-1), with 1, (n-k) degrees of freedom where n is the sample size and k is the number of constructs in the model (Chin et al. 2003 ). designated m), and firm performance (dependent variable, designated dv). The magnitude of mediation is computed as the product of the standardized path coefficients between IT infrastructure integration and supply chain process integration (iv m) and between supply chain process integration and firm performance (m dv). The magnitude of mediation effect based on the PLS results was .259. The standard error of the mediated path is computed based on the standardized path coefficients and standard deviations of the direct paths among the independent, mediating, and dependent variable. 8 The computations yield a z-statistic of 2.75, which is significant at p < .01. The two tests are considered as complementary test of mediation (Subramani 2004 ) as the nested model analysis assesses the additional explanatory power of competing models, while the mediation analysis provides information on the significance of mediation effects.
To validate our results obtained with subjective measures of firm performance, we replicated the analysis using applicable objective firm performance measures. We collated publicly available information about firm performance from COMPUSTAT with survey data for firms where respondents had provided us with requested identification information in their responses. This collation process resulted in a dataset with objective measures for 57 firms. We conducted multiple cross-validations to assess quality of survey data used to assess performance and test the model. First, the revenue data provided by survey respondents had a correlation of .92 with publicly reported revenue data, providing evidence of the accuracy of the respondents' estimates. We then computed a three-year mean value of inventory turns and net trade cycle, also referred to as a cash-cash conversion cycle. These two measures assess operational excellence and are suggested to be impacted by supply chain integration (Rai, Bush, and Tiwana 2002; Simchi-Levi et al. 2000; Supply-Chain Council 2003) . The mean value and standard deviation for inventory turns were 8.05 and 10.36 turns per year, while the mean value and standard deviation for net trade cycle were 82.27 and 62.01 days respectively.
Since our survey assessed relative subjective performance of the firm, we computed a difference between the three-year mean value of inventory turns and net trade cycle for each firm from the mean values within the two-digit SIC category. We again evaluated the research model using PLS with these computed measures of relative superiority of a firm for inventory turns and net trade cycle. The indicators were modeled as reflective since the two measures of operational excellence are expected to covary. The significant paths are replicated, and the model explains 12.3 percent of the variance in operational excellence assessed by relative performance superiority using objective measures of inventory turns and net trade cycle. Triangulation of results using crossvalidation analyses with relative objective measures of operational excellence for a firm provides additional support for the validity of the subjective performance measures collected by means of the survey and of the observed path relationships between constructs.
Discussion
The results suggest that IT infrastructure integration for SCM enables supply chain process integration, which in turn yields sustained gains in firm performance, particularly operational excellence and revenue growth. These findings have significant implications for the management of IT infrastructure integration, as it needs to be focused and leveraged to create performance gains by using lower-order technology capabilities to enable higher-order process integration capabilities.
Integrated IT Infrastructure for SCM
Past framings of IT infrastructure identify reach and range as important business functionalities enabled by IT infrastructure platforms (Broadbent et al. 1999; Keen 1991) . Reach refers to the connectivity of the IT infrastructure, while range refers to the variety of information resources that can be exchanged by the IT infrastructure. In the context of SCM, crossfunctional applications integration enables near real-time connectivity across a range of complementary applications focused on planning and execution, and their connectivity with applications for enterprise resource planning and customer relationship management. Having common data definitions and data consistency not only enables connectivity across the supply chain, but also enables the exchange of complementary information between a firm and its supply chain partners.
Drawing on the resource-based view of the firm, Bharadwaj (2000) expanded our conceptualization of IT-based resources to include IT infrastructure, human IT resources, and ITenabled intangible processes. She notes the limitations to conceptualizing IT infrastructure as a lower-level tangible physical resource, which, by definition, is more likely to be mimicked by competition. Instead, an integrated IT infrastructure represents a capability that is not easily mimicked as 8 An approximation for the standard error of the mediated path is computed using the formula sqrt(p 1 2 s 2 2 + p 2 2 s 1 2 + s 1 2 s 2 2 ) where p 1 is the path coefficient of the path from iv m and p 2 is the path coefficient from m dv and s 1 , s 2 are the corresponding standard deviations (Hoyle and Kenny 1999). it is established through a combination of lower-level tangible resources and complementary intangible and human IT resources.
Our results provide evidence that IT infrastructure integration targeted at SCM enables the transformation of fragmented, functional, silo-oriented supply chain processes to integrated, cross-functional, interfirm supply chain processes. The latter are characterized by synergies derived from integrating resource flows between a firm and its supply chain partners. An inspection of the weights associated with the two formative indicators (i.e., data consistency and cross-functional SCM application integration) suggest that both are critical elements of IT infrastructure integration in this context. However, data consistency is relatively more important, in comparison to cross-functional application integration, suggesting the high degree of importance of data quality and standards as facilitators of process integration.
Supply Chain Process Integration as an IT-Enabled Process Capability
Our results indicate that a firm's IT-based platform capabilities have a substantial effect on supply chain process integration. This capability is deeply embedded into the structure of interfirm operational processes, such as order management, inventory management, logistics, and distribution; financial processes, such as billing and receivables management; and information processes, such as demand planning and forecasting. The integration associated with these processes is achieved through a series of initiatives that may include trading partner agreements and supply chain partnerships in addition to the deep embedding of integrated IT capabilities as process enablers. The development of process integration capability that leverages IT infrastructure integration requires substantial expertise spanning the business process domain, partnership context, and IT. This capability development requires significant time, making rapid imitation by competition difficult.
Our results suggest that supply chain process integration fully mediates the impact of IT infrastructure integration on firm performance. Information flow integration has the largest effect on the formation of supply chain process integration capability, followed by physical flow integration, with financial flow integration having an insignificant impact. We observed that the mean value for financial flow integration was relatively high (3.8 on a scale from 1 to 7) and, more notably, its variance somewhat low (1.01). Automatic invoicing and payment systems appear to have been implemented and access to these capabilities is made much easier through the marketplace. As a result, while these capabilities are increasingly a prerequisite for transacting financially, they do not contribute to the explanation of variance in firm performance. More sophisticated measures of financial flow integration that capture variance in this capability across firms need to be incorporated in future studies.
A good illustration of the powerful and sustainable impact of supply chain process integration is Dell's virtual integration model, which has contributed to the firm's market position and sustained advantage. Dell's supply chain process integration capability is hard to imitate, as evidenced by the unsuccessful mimetic behavior of its competition for several years. Other relationship management resources and capabilities, such as trust between partners, colocated assets, and collaborative incentive systems and interaction routines, are likely required complements of IT infrastructure integration capabilities for supply chain process integration. Future research should investigate these complementarities so that both IT infrastructure integration and relationship management capabilities are effectively leveraged for supply chain process integration.
Leveraging Synergies among Integrated Flows for Performance Gains
Our results indicate that operational excellence has a very strong and significant weight in the formation of the firm performance construct. The strong effect of supply chain process integration on firm performance, as indicated by the path coefficient, suggests that supply chain process integration improves operational performance relative to competition by squeezing out delays, redundant tasks, and inefficient flows. The strong effect on revenue growth also suggests that supply chain process integration enables market penetration and provides the agility to ensure that sales opportunities associated with the launch of new products and entry into new markets are captured. The insignificant weight of customer relationships with firm performance suggests that supply chain process integration may not directly lead to superior customer relationships, but that such gains may occur through customer relationship management initiatives.
Disaggregated Specification of Firm Performance in the Capabilities-Performance Nomology
It has been suggested that operational performance impacts other key aspects of firm performance (Barua et al. 2001; Mukhopadhyay et al. 1995) . Accordingly, we disaggregated the indicators of firm performance in our model to investigate the impact of operational excellence on revenue growth and customer relationships. The first disaggregated model examined if supply chain process integration improves operational excellence, which, in turn, improves revenue growth and customer relationships. The second disaggregated model examined if supply chain process integration improves relative inventory turnover performance (objective measure), which, in turn, improves revenue growth and customer relationships. Finally, the third disaggregated model examined if supply chain process integration improves relative net trade cycle (objective measure), which, in turn, improves revenue growth and customer relationships. For the second and third disaggregated models, the reduced subsample of 57 firms with objective measures for inventory turnover and net trade cycle was used. In each case, all paths from the IT infrastructure integration to supply chain process integration are significant. In addition, in each case, supply chain process integration had a significant impact on the measure of operational performance considered (subjective measure of operational excellence [R 2 = 12.7%], relative inventory turnover [R 2 = 8.5%], and relative net trade cycle [R 2 = 9%]), which, in turn, significantly impacted revenue growth and customer relationships. These results support the suggestion that supply chain process integration has a direct impact on operational performance, which, in turn, leads to improvements in other key aspects of firm performance, such as customer relationships and revenue growth.
Contingency Considerations for Supply Chain Process Integration
The results indicate that supply chain process integration has a significant impact on firm performance, specifically operational excellence and revenue growth. We caution that a limited focus on optimization of operational costs without regard to building in buffers for demand and supply uncertainty can have detrimental consequences on service levels and response times (Lee 2002) . For example, in the case of supply chain process integration for the movement of configure-to-order products from source of supply to consumption, it is important to position component-level stocks strategically so that product configuration and assembly can be postponed until the order is specified by the customer. Companies are modularizing product designs and developing their information sharing capabilities as part of their transitions from a build-to-stock fulfillment model to a configureto-order fulfillment model (Simchi-Levi and Simchi-Levi 2001) . While integrated flows are critical to both fulfillment approaches, a sole focus on operational costs without a welldefined component-level buffer strategy is likely to be detrimental when final consumer demand is hard to predict. Differences in supply chain process integration capabilities needed for different levels of demand and supply uncertainties are fruitful areas for future research.
Limitations and Future Research
We hope that our study triggers a series of related investigations by the IS research community. There are specific limitations to our work. First, the unit of analysis of this study is not a specific supply chain for a given product line but a focal firm. We examine aggregate IT-enabled supply chain capabilities across the primary products for a firm. This results in aggregation across supply chains for products. On the other hand, this unit of analysis allows us to focus on broader organization-wide patterns of IT infrastructure integration, supply chain process integration, and firm performance. This enables a clear and identifiable linkage with measures of firm performance. Second, the study focused on manufacturing and retail organizations and collected data from member firms of the Council for Logistics Management. As such, the model and relationships should be examined in other industrial sectors and from a broader representation of firms in the manufacturing and retail sectors. Third, variables such as structure of specific supply chains, number of tiers in the chain, types of supply chain applications, and types of business processes integrated, which have not been examined, should help us develop a better understanding of IT-enabled supply chain capabilities in different contexts. Fourth, our measure of financial flow integration focused on event-based integration of receivables and payables; more complex patterns of financial flow integration that can be supported by IT should be explored. Fifth, subjective measures of the key respondent are used for firm performance, albeit the results are replicated with important objective measures of firm performance. Future studies need to include other objective measures of firm performance.
Most constructs used in the study have been developed for the first time and the nature of the relationships investigated is exploratory. Future studies need to investigate the relationship between physical, financial, and information flow integration, the complementarities between them, and their differential impact on firm performance in business environments characterized by different demand patterns for products and services. In addition, the role of complementary organizational capabilities, such interorganizational relational capabilities, need to be explored in terms of their impact on supply chain process integration and firm performance.
To the degree that future research integrates additional concepts pertaining to uncertainties in the demand and supply environment and strategic choices with respect to supplier relationships, we will start developing theoretical linkages between important concepts in information systems, strategy, and operations as they relate to SCM. As IT infrastructure capabilities are deployed to architect business networks, the development of such interdisciplinary theoretical understanding is critical and represents a huge opportunity for IS researchers.
Concluding Remarks
We defined a hierarchy of capabilities to develop the theoretical linkages between IT infrastructure integration, supply chain process integration, and firm performance. Our results suggest that IT infrastructure integration capability for SCM requires data consistency and cross-functional application integration, with data consistency being relatively more important. IT infrastructure integration capability must be leveraged by a focal firm to develop higher-order supply chain process integration capabilities that create performance gains. This higher-order boundary-spanning capability requires the sharing of strategic, tactical, and operational information and global optimization of physical flows across supply chains. Development of supply chain process integration capability positions firms to realize improvements in their performance, specifically operational excellence and increased revenues. 
Appendix
Cross-Functional Application Integration (CAI)
DC1
Automatic data capture systems are used (e.g., bar code) across the supply chain.
.78
DC2
Definitions of key data elements (e.g., customer, order, part number) are common across the supply chain .81
DC3
Same data (e.g., order status) stored in different databases across the supply chain is consistent .68
The following applications communicate in real time:
CAI1
Supply chain planning applications (e.g., demand planning, transportation planning, manufacturing planning) .73
CAI2
Supply chain transaction applications (e.g., order management, procurement, manufacturing and distribution a. Rotated factor solution based on principal component analysis with varimax rotation. All cross-loadings below .40 are suppressed.
b. Internal consistency was calculated using Cronbach's alpha and a measure of composite reliability proposed by Fornel and Larcker (1981) for assessing internal consistency of constructs in structural equation models using the formula where Var(g i ) = 1 -8 yi 2 and 8 is the item loading and g is the error. Cronbach's alpha is not reported for 
